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 The act of listening to a linguistic signal is an involved process, and, rarely occurs in absolute 
silence. A person trying to listen and comprehend speech is likely in an environment that has some 
sort of additional noise: white noise from a fan, passing traffic, construction, or just other talkers.  
Each of these additional auditory signals creates an unfavorable environment for the listener who is 
trying to capture the target signal.  Research has been able to quantify and describe the effects of 
noise on the comprehension of linguistic signals, and has also shown that that bilinguals and 
monolinguals — though their performance is indistinguishable in quiet conditions — are known to 
be differentially affected by noise: bilinguals perform significantly worse in adverse listening 
conditions when tasked with comprehend a linguistic signal.  What is yet to be established is how a 
signal with intrinsic, phonological variation differentially affects monolinguals and bilinguals.   
 This study is a small-scale pilot that investigates this question: what bearing does 
bilingualism have on the comprehension of foreign-accented speech in quiet and in noise?  Stimuli 
include sentences spoken in English, with five different accents:  Neutral English (the English typical 
of the NYC area), Latin American Spanish English, Mandarin English, Italian English, and Indian 
English.  A true-false verification task is used to assess the participants’ comprehension of the 
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sentences, which are auditorily delivered such that no two sentences with the same accent are heard 
consecutively.  All five accents are heard in both quiet and in noise, in two separate blocks.  Accuracy 
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CHAPTER 1: INTRODUCTION 
1.1 The Auditory Signal and Listening Comprehension 
Language comprehension is a complex process that includes parsing, lexical retrieval, 
interpretation of pragmatics, and more.  All of this, however, is based on the linguistic signal 
received; in spoken language, this would be an auditory speech signal. 
In pristine speaking and listening conditions, the success of language comprehension and 
the time it takes to be completed are most likely to be modulated by linguistic factors such as the 
complexity of the syntax or the frequencies of the lexical items.  Pristine speaking and listening 
conditions, however, are rare.  The intelligibility of an auditory signal can be degraded due to a 
number of factors: speaker-intrinsic factors (e.g., speech impediment, accent), listener-intrinsic 
factors (e.g., hearing impairment), and/or external factors (e.g., environmental noise).   Given this 
range of variables that can affect the speaking and listening conditions, it is likely that the 
intelligibility of the speech signal will be degraded in some way, and yet clarity in communication 
is a universally desirable trait.  As such, a large number of studies have sought to measure the 
impact of these factors in various combinations. 
 
1.2 Signal-Extrinsic Factors: SNR 
Possibly the most common and unavoidable form of signal degradation is environmental 
noise.  Environmental or background noise can come in a number of forms: a loud air conditioner, 
other people speaking within the same vicinity, static over a telephone, or an airplane passing 
overhead, just to name a few.  When these types of noises present themselves at the same time as 
a speech signal, they effectively compete for the listener’s attention, and in doing so, negatively 
affect the listener’s ability to comprehend the speech signal. 
2  
A large body of research has been done to quantify and describe the effects of noise on the 
comprehension of linguistic signals.  The signal-to-noise ratio (SNR) is a crucial predictor of the 
impact of the noise: the louder the noise as compared to the target signal, the poorer the 
comprehension of said signal (e.g., Adank, P., Evans, B. G., Stuart-Smith, J., & Scott, S. K., 2009; 
Shi, 2010; Tabri, D., Michelle, K., Chacra, A., & Pring, T., 2011).   
These findings hold insofar as listener variables are accounted for: studies have 
investigated how adverse listening conditions, in combination with certain listener-intrinsic 
variables, reveal distinctions between different groups of people.  These studies are discussed in 
the following section. 
 
1.3 Listener-Intrinsic Factors 
Aside from hearing ability, age is a well-known factor that affect a person’s ability to 
comprehend an auditory speech signal (e.g., Ferguson, S.H., Jongman, A., Sereno, J.A., & Keum, 
K.A, 2010; Adank & Janse, 2010).  Recent studies have found that that bilinguals and 
monolinguals — though their performance is indistinguishable in quiet listening conditions — are 
differentially affected by noise: bilinguals perform significantly worse when tasked with 
processing a linguistic signal in noise.  
For example, Krizman, J., Bradlow, A. R., Lam, S. S. Y., & Kraus, N. (2016) studied a 
group of high school students (31 English monolinguals and 25 Spanish-English bilinguals), and 
found that monolinguals performed better than bilinguals in both word-in-noise and sentence-in-
noise tasks, though only the latter yielded statistically significant results.  This same group of 
bilinguals, however, performed significantly better than their monolingual counterparts in a test of 
tone-in-noise (non-linguistic).  Though Krizman and colleagues did not find significant results for 
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the word-in-noise task, both Tabri et al. (2011) and Rogers et al. (2006) did find that the 
monolinguals significantly outperformed the bilinguals in single word tasks. 
It is important to note that Krizman et al. (2016), Tabri et al. (2011), and Rogers et al. 
(2006) tested groups of bilinguals who were highly proficient in English, and each group of 
bilinguals was homogenous (acquisition of languages prior to 6 years of age; prior to 5 years in 
Krizman et al., 2016).  Earlier comparisons of bilinguals and monolinguals in speech-in-noise tasks 
often focused on bilinguals who were exposed to English at varying ages of exposure or acquisition 
of the L2 (Mayo et al. 1997; Meador et al., 2000).  Findings have shown that proficiency, length 
of period of immersion, and age of fluency all contribute to the outcomes (Shi, 2012).  
 
1.4 Signal-Intrinsic Factors 
While the aforementioned studies have demonstrated that these groups perform differently 
in the presence of background noise (a signal-extrinsic factor), little research has been done to 
establish whether monolinguals and bilinguals perform differently in the presence of a 
deterioration that is intrinsic to the signal itself. 
The type of intrinsic deterioration that is of interest to the current study is foreign accent.  
Rather than “deterioration”, variation is a term that better encapsulates foreign accent.  Munro & 
Derwing (1995a) found that nonnative speech does require more processing time than native-
accented speech, and earlier studies in the literature showed a negative bias that native speaker 
listeners held against non-native speech (e.g., Anisfeld et al., 1962; Kalin & Rayko, 1978).  
However, while accents can be deleterious to communication, they are not always.  There are two 
relevant measures regarding foreign accent: accentedness and intelligibility.  According to another 
study by Munro and Derwing (1995b), these two measures are partially independent of one 
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another.  That is, a speaker whose speech is considered to be highly accented can also be found to 
be highly – if not entirely – intelligible. 
To date, studies of the effect of foreign accent on comprehension seem to be done on two 
populations: monolinguals, and late L2 learners.  Munro and Derwing (1995a, 1995b) tested both 
the intelligibility and processing costs of foreign accented speech in monolingual listeners.  
Processing cost was evaluated by the response latency in a true/false sentence verification task in 
which the stimuli were spoken by either native Mandarin speakers or native English speakers 
(50/50 mix).  Listeners were native speakers of English.  After listeners indicated whether the 
sentence they just heard was true or false, they then wrote out the sentence that they heard, thereby 
providing the researches with a measure of intelligibility.  In this study, both response time and 
intelligibility showed significant results: sentences spoken by the L1-Mandarin speakers resulted 
in longer response latencies than those of the L1-English speakers, and significantly fewer L1-
Mandarin speaker sentences were correctly transcribed (Munro & Derwing, 1995b).  
Adank et al. (2009) found that among monolingual listeners, processing was slower for 
unfamiliar regional accents than that for familiar ones, and slowest for unfamiliar foreign accents.  
Rogers et al. (2004) also found that the intelligibility of foreign accented speech (English 
sentences, spoken by native Mandarin speaker) was significantly more affected by noise than was 
non-accented speech, but this again was a study done only with monolingual listeners.   
1.5 Intrinsic and Extrinsic Degradation 
Before moving on to bilinguals and foreign accented speech perception, it warrants taking 
a look at studies that have been done to investigate the interaction between accented speech and 
noise. Wilson & Spaulding (2010), and Rogers et al. (2004) both looked at how different SNRs 
could interact with accented English by speakers of varying proficiency levels.  Wilson & 
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Spaulding used English sentences spoken by a native speaker, a highly intelligible Korean 
accented speaker, and a less proficient Korean-accented speaker.  These stimuli were presented in 
three noise conditions: quiet, +10 db SNR, and +5 db SNR.  Rogers et al., similarly, used English 
sentences spoken by six individuals: two native English speakers, and four Mandarin-accented 
speakers.  The Mandarin-accented speakers were chosen based on their intelligibility such that two 
were rated as “high proficiency” and two were considered “lower proficiency”.  These stimuli 
were also masked with noise in the following conditions: quiet, +10 db SNR, 0 db SNR, and -5 db 
SNR.  Listener participants in both studies were monolingual adults. Both studies found that 
speaker intelligibility was highest for native speaker, lower for high proficiency speakers, and 
lowest for low proficiency speakers.  Crucially, both studies also found that a moderate amount of 
masking noise (+10 db SNR) caused a significant decrease in the intelligibility of high-proficiency 
speakers, but no change for native speakers.  In addition to these intelligibility scores, Wilson & 
Spaulding, (2010) also looked at processing time and found that listeners’ reaction times were 
shortest for native proficiency speakers, and longest for low-proficiency speakers.  
These findings from Rogers et al. (2004) and Wilson & Spaulding (2010) contradict those 
from other studies such as Ferguson et al. (2010) and Lane (1963) who found that comprehension 
effects of accent and noise were independent of one another.  These disparities, however, are likely 
due to differences in methodology.  For example, Ferguson et al., (2010) used different noise 
conditions like babble and telephone filter, and presented them at SNRs not used in the Wilson & 
Spaulding (2010) or Rogers et al., (2004) studies: +3, +6, +9, +12 db.  The accented speaker was 
a native speaker of Spanish.  Moreover, the participants in Ferguson et al., (2010) were younger 
adults without hearing loss or older adults with hearing loss.   
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The findings from Rogers and colleagues as well as from Wilson & Spaulding both 
demonstrate clearly an interaction between speaker and noise such that when the signal is clearer 
(quiet or +10 db SNR), the intelligibility of the speaker will dictate performance.  The more 
obscured the signal (-5 db SNR), the less distinction there is between high and low proficient 
speakers, and the greater the group disparity between accented and native speech.   
Together, these studies show that the obstacle presented by background noise is distinct 
from the one presented by accent. Mattys et al. (2012) points out two main divisions between 
accent and background noise.  The first is the obvious: that foreign accent is an intrinsic signal 
degradation while the degradation from noise is extrinsic.  Secondly, accent is a patterned 
degradation: the phonological variation is (almost by definition) consistent and predictable.   
This predictability is possibly what allows listeners to adapt to foreign accented speech.  
Clarke & Garrett (2004) demonstrated that listeners can adapt to a foreign accent within a single 
minute of exposure to that accent.  Whether the language backgrounds of the listeners can modulate 
adaptation is studied as well, and discussed in the next section. 
 
1.6 Bilinguals and Foreign Accented Speech Perception 
More recent studies have continued to look at the effects of foreign accented speech in 
various ways, studying its relationship to intelligibility (Gittleman & Van Engen, 2018), individual 
differences in its perception (McLaughlin et al., 2018), as well as the neural substrates related to 
its processing (Adank et al., 2012).  However, what is missing in the literature is an understanding 
of how bilinguals, specifically, cope with foreign accented speech.  That being said, it is not 
entirely unexplored. 
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  Weber et al. (2014) studied adaptation to accent with two participant groups 
(monolinguals and bilinguals), and two types of accents (genuine and arbitrary).  In this study, the 
investigators sought to determine how adaptation to a foreign accent is affected by the authenticity 
of the accent, and how it is affected by the language experience of the listeners.  To that end, a 
sequence of three priming experiments was conducted, in which the prime words were recorded 
with either authentic Italian-accented pronunciation, or a pronunciation that was inconsistent with 
an authentic Italian-English accent.  The first experiment had as participants, monolingual English 
speakers, the second had Italian-English bilinguals, and the third had Dutch-English bilinguals.  
After hearing the prime, the task was to determine whether the word that appeared on the screen 
was a nonword or an actual English word. 
For the monolinguals, the authors predicted that a word would elicit a priming affect if it 
was pronounced with an authentic accent and was related to the target word.  If the prime was 
pronounced with an inauthentic accent marker, there would be no priming effect regardless of the 
relationship between the prime word and target word.  For the Italian-English bilinguals, the 
authors expected a priming effect for all related words, given that the vowel sound used in the 
inauthentic Italian accent is one that does not contrast phonemically in Italian with its “correct” 
counterpart.  For the Dutch-English bilinguals, the prediction was that their exposure to Italian-
accented Dutch would allow them to adapt to both Italian-accented English, and that an overall 
perceptual flexibility due to their bilingualism would allow them to adapt to the inauthentic 
pronunciations as well.  
The results showed that both English monolinguals and Dutch-English bilinguals were able 
to accommodate the Italian-accented English.  This finding was notable for the Dutch-English 
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bilingual group, given that their prior exposure to Italian-accented English was likely to be 
minimal, according to the authors.   
In a second experiment, the authors tested whether the Dutch-English listeners’ ability to 
adapt to the inauthentic accent was truly attributable to their flexibility, or whether it was because 
they had less experience with Italian-accented English than their monolingual counterparts did.  In 
this experiment, the Dutch-English listeners performed the same task, but in this case, the prime 
and target words were Dutch. 
The findings reveal that Dutch-English bilinguals were able to accommodate an arbitrary 
accented L1 as well as arbitrary accented L2, while the monolinguals failed to do so in their L1.  
The authors claim that this finding likely indicates that the phonetic-to-lexical mapping is a flexible 
process among bilinguals. This is supported as well by the findings of Samuel & Larraza 2015. 
Samuel & Larraza (2015) wanted to know whether bilinguals can comprehend 
“mispronunciations” (1) because they have two lexical entries, one for the canonical pronunciation 
and one for the accented pronunciation, or (2) because they have systems that allow for multiple 
pronunciations to map to the same given lexical item. 
Participants in this study were highly proficient Basque-Spanish bilinguals.  The authors 
identified a critical phoneme contrast in Basque, and created a set of pseudo-words in Basque.  
These words were recorded twice, once with one of the phonemes, and again with the other 
phoneme.  Listeners were trained on these pseudowords (hearing them pronounced only one of the 
two ways), which were matched with pictures of things.  Later, the participants heard the nonwords 
again — but this time with the alternate pronunciation — and saw a picture.  They were asked to 
indicate whether or not the nonword that they heard was correct for the given picture.  The 
prediction was that if the listeners accepted these pronunciations, it would be because mapping 
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from the phonological form to the lexical form is flexible, not that they have a pre-existing second 
lexical item (because they have never heard these pronunciations before).  Indeed, this is what the 
authors found: there was a high acceptance rate of “mispronounced” nonwords.  As such, the 
authors conclude that bilinguals do have a flexible mapping system from phonology to lexical 
access. 
Larraza et al. (2016) studied how Spanish-Basque and French-Basque bilinguals performed 
on phoneme discrimination task in order to understand the effects of L1 and age of acquisition on 
accented-speech perception.  Their findings showed that age of acquisition contributes 
significantly to the costs and accuracies measured: the simultaneous bilinguals across both L1s 
performed the best.  Additional studies of foreign accent and bilinguals have focused on late L2 
learners who themselves speak with an accent, and found that the accent of the listener directly 
affects their performance on accented speech comprehension (e.g., Bent & Bradlow, 2003).   
In summary, there are a number of studies that look at the effect of accented speech on 
comprehension, and the effect of bilingualism on comprehension.  However, each of these studies 
differs from the other in some slight way, and one question remains unanswered: how do 
simultaneous bilinguals cope with foreign accented sentence-level speech, as compared to 
monolinguals?   
This question builds from the existing literature: Weber et al., 2014 compared 
monolinguals to bilinguals, but only on the word-level.  Studying sentence-level speech is 
important for generalizability to real-world situations.  Samuel & Larazza, 2015 also looked at 
simultaneous bilinguals, but besides only working at the word-level, the accent used is directly 
related to the two languages that the bilingual listeners speak.  The current study aims to look at 
how a variety of foreign accents interact with the listeners’ backgrounds.  
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What is of interest for the current study, however, is how the life-long exposure to a second 
phonology, i.e, simultaneous bilingualism, modulates the experience of processing sentence-level 
foreign accented speech.  This, to the knowledge of the author, remains unstudied. 
 
 
CHAPTER 2: CURRENT STUDY 
2.1 Motivation and Hypotheses 
As discussed in the previous sections, findings from other studies demonstrate that 
bilinguals perform significantly worse than monolinguals in speech in noise comprehension tasks 
(e.g., Lucks Mendel & Widner, 2016).  While this effect of external signal degradation is well 
accounted for, the literature lacks in studies that have looked at how bilingual performance is 
affected by signal-intrinsic deterioration, like foreign accent, particularly at the sentence level.  
There is reason to believe that bilinguals may have more flexibility in their mapping from 
phonological to lexical form (Samuel & Larraza, 2015).  This pilot-study aims to investigate just 
that.  Specifically, the questions motivating this study are: 
1) How does a speaker’s foreign accent affect speech comprehension among bilinguals? 
2) Does the relationship between a speaker’s L1 and a listener’s L1 have an impact on the 
listener’s foreign accented speech comprehension? 
3) What are the compounded effects of masking noise and foreign accent on speech 
comprehension? 
In the current study (a small-scale pilot study), participants performed a sentence-
verification task.  They heard English sentences, each of which was presented in one of five 
accents: four foreign accents and one unmarked “home accent” (i.e., the accent that is common to 
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the area they live in, Duffy 2013). The participants were asked to determine whether each sentence 
was true or false. Two measurements were recorded: accuracy, and response time.  The participants 
constituted two groups: Spanish-English early bilinguals (English-dominant), and English 
monolinguals.  The stimuli, too, constituted two types: half of the sentences were presented in 
quiet, the other half were overlain with speech-modulated noise.   
Because all of the stimuli were English sentences, the participants were screened via a 
Yes/No questionnaire to determine the following: that they had begun to acquire both languages 
before the age of five, spoke English on a daily basis, and that the monolinguals — who would 
have studied at least one language other than English during their school years — did not speak a 
second language on a regular basis. 
 In sum, evidence from prior studies indicate (1)  that bilinguals likely have a more flexible 
system than monolinguals for mapping from the phonological to the lexical form (Samuel & 
Larraza (2015); Weber et al. (2014)), and (2) that bilinguals perform more poorly when the speech 
is masked with noise (e.g., Krizman et al., 2016). Given this evidence, the hypotheses for the 
current study are as follows: 
1) Across groups: 
a. Bilinguals would outperform monolinguals when the sentences with a foreign 
accent are presented in quiet. 
b. Monolinguals would outperform bilinguals in the noisy condition 
2) Within-group: 
a. Monolinguals would perform worst on foreign-accented sentences in noise 
b. Bilinguals would demonstrate an advantage on Spanish-accented sentences in quiet 
and in noise 
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As mentioned earlier, this study is a pilot study aimed at gathering evidence of these 
hypotheses for a future, larger-scaled study. 
 
2.2 Stimuli 
One hundred forty-four English sentences were prepared: half of them true statements (e.g., 
Many children go to school), half of them false (e.g., People have twelve fingers and toes).  Of 
these sentences, 33 originate from the published stimuli in Munro & Derwing’s study (1995b), and 
the rest were modeled after those sentences.  In the end, 65 true and 65 false sentences were chosen 
to be presented; each participant had an additional 3 practice trials.  All participants heard the same 
sentences spoken by the same speakers. 
Because the listeners (the participants) would all be native English speakers, the stimuli 
were not controlled for lexical frequency; however, sentence length (based on syllable count) was 
controlled for (avg: 8.22 syllables per sentence; range: 7-10 syllables). 
The stimuli were then recorded by female speakers of English with various L1s, such that 
each stimulus sentence was spoken and recorded in each of the following accents: (1) Mandarin, 
(2) Colombian Spanish, (3) Italian, (4) South Indian/British, and (5) NYC Regional.  The four 
foreign accents were chosen based on the availability of speakers, whereas the fifth, ‘neutral’ 
accent was chosen to serve as a measurement of baseline performance.  Following is a description 
of each of the speakers. 
 
2.2.1 Speaker Descriptions 
The first speaker is 29 years old, and born and raised in China.  This speaker’s L1 is 
Mandarin and she began studying English in elementary school.  According to the speaker, she did 
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not actively speak English until she entered university.   
  The second speaker is 30 years old, from Colombia.  Her L1 is Spanish.  She began to learn 
English when she moved to the USA ten years ago.  Though she was living in the US, she lived in 
a predominantly Spanish-speaking area of Queens, New York, which limited her exposure to and 
need to speak English.   
The third speaker is 30 years old, and was born and raised in Italy; her L1 is Italian. She 
moved from Italy to the USA three years prior to her involvement in this project.  Though she had 
English education throughout her grade-school years, she claims that she really only began to 
acquire English when she studied it for three years in college. 
The fourth speaker is 32 years old, born and raised in the Maldives and Southern India.  
She moved to the USA at the age of 24, but had begun studying English from the age of 3 when 
she entered the school system.  Her L1 is Tamil, though she was not educated in this language.  
Having gone to school in India, the target-English in the classroom was not American English, but 
rather British and Indian Englishes.  Her resulting accent is evidently a blend of British English 
and Tamil. 
The fifth speaker is 29 years old, born and raised in the New York City metropolitan area. 
Though multilingual, English was one of this speaker’s first two languages; it was acquired from 
birth (spoken in the household) and served as her primary language of instruction throughout 
school.  Her accent is typical of speakers from the NYC area, and is therefore considered unmarked 





Table 1: Speaker Information 
 L1 Age Age of English 
Acquisition 
Years living in English-
speaking country 
(1) Mandarin 29 < 9 1.5 
(2) Spanish   10 
(3) Italian    
(4) Tamil 32 3 32 
(5) English 29 0 29 
 
2.2.2 Stimuli Preparation 
Stimuli were recorded in a sound-attenuated booth for maximum quality.  Speakers were 
instructed to read the sentences in a clear voice; in the event of an unnatural pause, error, or 
unsuitable volume, the speakers were asked to repeat the sentence or given additional instruction 
as needed.   
Once all sentences were recorded, each sentence was normalized in Praat at 60 dB.  These 
files were then duplicated such that one set of them were left in the clear and normalized condition, 
while the second half were overlain with speech-modulated noise at an SNR of -3. 
 
2.3 Participants 
Participants were grouped into two language-based categories: monolingual English 
speakers, and English-Spanish bilinguals (English dominant speakers who were early Spanish-
English bilinguals). There were six participants total, three in each group.  All participants were 
25-34 years old (average age: 30).  Participants had similar levels of education, as all were at 
varying levels of doctoral study. 
All participants completed a questionnaire, providing information regarding their language 
backgrounds.  No participants indicated having any auditory impairments or neurological diseases.  
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Individual participant data is as follows: 
 
Table 2: Participant Information 
 Group Sex Age Lang Study Spanish Literacy 
(1) Monolingual F 34 Spanish, Japanese None 
(2) Bilingual M 29 Mandarin Reading 
(3) Bilingual M 33 Spanish, French Reading & Writing 
(4) Monolingual M 34 Spanish, Japanese None 
(5) Monolingual M 25 Spanish Reading & Writing 
(6) Bilingual F 25 Spanish Reading & Writing 
 
 
2.3.1 Listener Language Backgrounds 
As noted in the table above, all participants reported having studied at least one other 
language for at least one year in school.  The maximum number of years reported of foreign 
language study is six years; this was reported by two monolingual speakers.   
The categorization of participants into the two groups was not based on second language 
ability, but rather on the criteria that the bilinguals would have acquired both English and Spanish 
prior to the age of 3, and that the participants’ daily activities either did or did not involve 
communicating in a second language (Spanish).  No monolinguals report speaking a second 
language, and no bilinguals report speaking a third language. 
 
2.4 Procedure 
Using EPrime software, the stimuli were organized into two blocks: quiet and noise.  Three 
of the participants heard the quiet block first, while the other three heard the noise block first.  The 
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order of the stimuli within each block remained the same.  This order was pseudo-randomized to 
ensure that no two sentences of the same accent were presented consecutively, and that the truth 
value of consecutive sentences did not present in any particular pattern. 
Participants were seated in a sound-attenuated booth facing a computer.  Once seated 
comfortably, the participants were instructed, both orally and in written form on the computer 
screen, to listen to the speech stimuli (delivered through speakers) and to decide as quickly and as 
accurately as possible whether the sentence they just heard was true or false.  The participants 
marked their response by pressing one of two keys with their right hand.  Once they entered their 
response, the software cued the next stimuli, which would be presented after a two-second delay.  
Following the initial instructions, the participants practiced with three sentences and were then 
prompted to ask questions if they had any.  The experiment was self-paced and measured both 
accuracy (T/F sentence judgment) and response time. 
The use of T/F verification allows the investigator to filter out reaction time data for 
sentences that were judged incorrectly; thereby, reaction time data will serve as a coarse 
measurement for processing time only for those sentences that were correctly understood.  Specific 
to each outcome measure, the predictions are as follows: 
1. Reaction Time: 
a. Monolinguals will perform more quickly than bilinguals. 
b. Monolinguals will perform most quickly in quiet, home-accented speech. 
2. Accuracy: 
c. Accuracy across groups will be comparable in quiet, home-accented. 
d. Bilingual accuracy will be greater for foreign-accented stimuli in quiet. 
e. Accuracy will be lower among bilinguals in noisy conditions. 
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CHAPTER 3: RESULTS AND DISCUSSION 
3.1 Results 
3.1.1 Accuracy 
 Accuracy is a score of the participants’ response to the True/False sentence verification 
task.  This measurement was taken as a measure of the intelligibility of the sentence.  Scoring was 
done on a binary scale: 1 or 0 for correct or incorrect.  Moreover, as reaction time was also 
measured, accuracy allowed for a method of ensuring that reaction time was only calculated for 
sentences that were understood.  While other studies in the past had used sentence reproduction 
(oral repetition or written reproduction; e.g., Munro & Derwing, 1995a) as a method of measuring 
accuracy, this study used a True/False verification task in order to minimize the burden on working 
memory.  Accuracy was expected to be at ceiling for both groups in quiet for the neutral accent.  
Bilinguals were expected to outperform monolinguals in quiet for the foreign accented stimuli.  
Performance in noise was expected to be comparable across groups. 
 Given the small participant numbers, statistical tests were not performed.  Rather, 
individual scores were calculated.  These are summarized in Tables (insert numbers here).   Among 
the bilinguals, all participants generally performed less accurately in noise than in quiet.  However, 
accent did not seem to affect the accuracy in these three participants. 
 Comparing across groups, it does appear that the bilinguals performed less accurately than 
the monolinguals in either condition. Of the monolingual participants, Participant 4 appears to be 
an outlier.  Of course, the small sample makes it impossible to determine this with any certainty. 
 
3.1.2 Reaction Time 
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Prior to analysis, all reaction time data for inaccurate responses was eliminated, as were 
extreme outliers (greater than 1.5 times the IQR).  Reaction time was measured as a proxy for 
processing time.  The prediction was that the more difficult the task (foreign accent, noise), the 
longer the reaction time.  Specifically, bilinguals were expected to require substantially more time 
in noise than in quiet.  Again, due to a small N, these predictions could not be verified by statistical 
tests.   
Bilinguals generally performed more slowly in noise than in quiet.  In this group, a 
difference in reaction times between neutral accented stimuli and foreign accented stimuli is 
particularly noticeable in the noisy condition.  Specifically, it appears that Italian, Spanish, and 
Mandarin accented stimuli in noise resulted in the longest reaction times.  These three sets of 
stimuli also seem to result in the longer reaction times for the monolinguals. 
Table 3: Bilingual Data Summary 
BILINGUALS Participant 2 Participant 3 Participant 6 Group Means 
 Quiet Noise Quiet Noise Quiet Noise Quiet Noise 
Reaction Time (seconds)         
Neutral 2782.9 3.699 2.535 3.326 3.045 2.824 2.787 3.397 
Indian  3150.8 3.879 3.033 3.240 3.470 4.527 3.218 3.988 
Italian 2918.2 4.567 2.819 4.082 3.280 4.852 2.998 4.465 
Spanish 3506.4 4.368 3.479 3.706 4.501 4.556 3.837 4.255 
Mandarin 3437.1 4.041 3.285 4.048 3.879 3.609 3.534 3.939 
Accuracy         
Neutral 1.000 1.000 0.923 0.538 0.923 0.462 0.949 0.667 
Indian  1.000 0.692 1.000 0.231 1.000 0.462 1.000 0.462 
Italian 1.000 0.846 1.000 0.769 0.923 0.538 0.974 0.718 
Spanish 0.923 0.769 1.000 0.308 1.000 0.385 0.974 0.487 






Table 4: Monolingual Data Summary 
MONOLINGUALS Participant 1 Participant 4 Participant 5 Group Means 
 Quiet Noise Quiet Noise Quiet Noise Quiet Noise 
Reaction Time (seconds)         
Neutral 2.484 3.435 2.624 2.439 2.158 2.438 2.420 2.852 
Indian  2.820 3.443 2.960 2.989 2.556 2.921 2.774 3.232 
Italian 2.617 3.676 2.692 3.645 2.323 2.998 2.540 3.496 
Spanish 2.881 3.897 3.504 3.042 2.722 3.365 3.036 4.089 
Mandarin 3.127 3.669 3.258 3.382 2.758 3.614 3.048 3.532 
Accuracy         
Neutral 1.000 1.000 0.923 0.462 1.000 0.923 0.974 0.795 
Indian  1.000 0.923 0.923 0.385 1.000 1.000 0.974 0.769 
Italian 1.000 0.845 0.923 0.692 1.000 0.923 0.974 0.821 
Spanish 1.000 0.769 1.000 0.385 1.000 0.923 1.000 0.692 




The results from these data do not indicate that accented speech affects the listening 
comprehension as measured by accuracy and response time, regardless of whether the listener is 
monolingual or bilingual.  However, as earlier studies have noted that accented speech does affect 
monolingual listening comprehension, these data cannot be considered to reliably represent the 
behaviors of these populations in these environments.  Certainly, a larger number of participants 
may have resulted in more telling results, but additional limitations to the study include the 
inconsistencies among the speakers, and the disproportionate variable to control ratio in the 
experimental design. 
That group yielded a significant effect in noise/accuracy analysis is consistent with studies 
in the literature that have demonstrated bilinguals performing more poorly than monolinguals in 
speech-in-noise comprehension tasks. 
 
3.2.1 Speaker Limitations 
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While each speaker varied in some way from the others, from among the five speakers, 
two in particular were perceptibly distinctive.  The speaker with a British Indian accent spoke more 
animatedly than the others, with a cadence and prosody one might use to read to young children.  
Moreover, relative to the listener’s languages, this speaker’s speech was indicative of two non-
native phonologies, as opposed to one. 
The second speaker whose speech was particularly different was the Colombian Spanish 
speaker.  This speaker’s speech was less clear than the other speakers’ due to characteristics of her 
speech that could not be accounted for by phonology alone.  For example, one participant indicated 
that he felt this speaker “mumbled”. 
 
3.2.2 Experimental Limitations & Future Directions 
One flaw in the design of this study is the proportion of foreign accented items to home-
accented items: 80% of the stimuli were foreign accented.   The stimuli were divided equally such 
that each of the five accents accounted for 20% of the stimuli, but four of the five speakers had 
foreign accents.  This is linked to another flaw of the study: it attempted to answer too many 
questions.  In this case, the number of different L1s of the speakers were chosen to reveal any 
potential effects of the listener’s L1 and the L1 of the speakers.  This question is better served as 
a follow-up question, after the main question is addressed: do simultaneous bilinguals and 
monolinguals differ in their comprehension of foreign-accented speech? 
An improved version of this study should consider the following changes.  The first would 
be to narrow down the research question to only look at the differences between simultaneous 
bilinguals and monolinguals.  The second, then, would be to choose a single L1 for the accented 
speech stimuli.  That choice in L1 should likely be motivated by its relationship to the L1 of the 
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bilingual participants.  The task itself need not be altered, though other options could be 
considered.  With the addition of a working memory control task, for example, an intelligibility 
task (i.e., having the participants repeat what they heard) could be used.  This would eliminate 
reaction time as a measured outcome, but pupillometry data (which can be used to measure 
cognitive effort) could be gathered in its place.  Finally, a larger sample size is crucial. 
 In sum, while the study presented here was largely of a heuristic nature, we created and 
presented a full design of an experiment that can be carried out to investigate similarities and 
differences in the perception of accents in monolingual and bilingual listeners.  While no 
conclusions could be made from the present findings, the questions asked are worthy of 
investigation and the experiment, corrected for the shortcomings as listed above,  should be 
pursued in the future. 
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Appendix A: Example Stimuli 
 
People who play sports are often lazy. 
People take out books from restaurants. 
Sandals are best worn in the snow. 
Stepping in puddles will keep your shoes dry. 
The sweetest candies are nutritious. 
Kids don't enjoy video games. 
Chairs are mostly used for standing. 
Alcohol is safe for toddlers. 
Table salt comes from Jupiter. 
Japan is a country in Asia 
The earth revolves around the sun. 
People go to the beach in the summer. 
Sharks and whales swim in oceans. 
Vegetarians do not eat meat. 
Many children go to school. 
Many people have cell phones. 
The computer was an important invention. 
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